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Abstract: Both species and community-level investigations are important for understanding the biotic impacts
of climate change, because current evidence suggests that individual species responses are idiosyncratic. However,
few studies of climate change impacts have been conducted on entire terrestrial arthropod communities living in
the same habitat in the southern Hemisphere, and the effects of precipitation changes on them are particularly
poorly understood. Here we investigate the species- and community-level responses of microarthropods inhabiting
a keystone plant species, on sub-Antarctic Marion Island, to experimental reduction in precipitation, warming
and shading. These climate manipulations were chosen based on observed climate trends and predicted indirect
climate change impacts on this system. The dry-warm and shade inducing treatments that were imposed effected
significant species- and community-level responses after a single year. Although the strongest community-level
trends included a dramatic decline in springtail abundance and total biomass under the dry-warm and shade
treatments, species responses were generally individualistic, that is, springtails responded differently to mites, and
particular mite and springtail species responded differently to each other. Our results therefore provide additional
support for the dynamic rather than static model for community responses to climate change, in the first such
experiment in the sub-Antarctic. In conclusion, these results show that an ongoing decline in precipitation and
increase in temperature is likely to have dramatic direct and indirect effects on this microarthropod community.
Moreover, they indicate that while at a broad scale it may be possible to make generalizations regarding species
responses to climate change, these generalizations are unlikely to translate into predictable effects at the community
level.
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INTRODUCTION
Although changes in climate are a typical feature of
the earth system, current, largely anthropogenic,
changes are considered one of the major threats to
biodiversity (Aronson & Blake 2001; Walther et al.
2002). While many species are apparently able to track
changing climates via shifts in the distribution of their
geographical ranges (Parmesan & Yohe 2003; Root
et al. 2003), palaeontological data suggest that com-
munities do not respond to climate change as entities
(Coope 1995; Jablonski & Sepkoski 1996). Rather,
species responses are idiosyncratic, resulting in the
development of entirely new assemblages and associ-
ations, typical of the dynamic rather than static con-
cept of communities (Graham & Grimm 1990;
Warren et al. 2001; Voigt et al. 2003). In consequence,
even though the effects of climate change on features
such as species phenology and distribution show
remarkably systematic trends (Erasmus et al. 2002;
Parmesan & Yohe 2003; Root et al. 2003), it is clear
that these responses are, in many instances, dependent
on species-level properties (Hill et al. 1999, 2002; Bale
et al. 2002; Ims et al. 2004), and on the idiosyncracies
of species interactions under different circumstances
(Davis et al. 1998; Juliano et al. 2002). Thus, while
species-based forecast studies are an invaluable first
step towards understanding the threats to biodiversity
posed by climate change, they must be augmented by
community-level investigations that mimic forecast
changes for a range of sites and groups of organisms.
Both species- and community-level investigations
have largely been restricted to the northern hemi-
sphere, and, at least for arthropods, have tended to
focus on well-known groups such as butterflies or agri-
cultural pests (Parmesan et al. 1999; Warren et al.
2001; Hughes 2003; Root et al. 2003). Indeed, several
recent reviews have highlighted the fact that little is
known about both the current and predicted responses
to climate change for most arthropod groups (Coviella
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& Trumble 1999; Hughes 2003). Moreover, those
studies  that  have  been  undertaken  focus  mostly  on
the responses of species to temperature or to changes
in greenhouse gas concentrations, and sometimes to
interactions between them (e.g. reviews in Coviella &
Trumble 1999; Bale et al. 2002; Hughes 2003). By
contrast, investigations of the effects of precipitation
changes are poorly understood (Kennedy 1995;
Weltzin et al. 2003; Peñuelas et al. 2004; Taylor et al.
2004). Moreover, few studies have examined the
responses of entire terrestrial animal communities
(species sharing the same habitat) to such changes
(but see Kennedy 1994; Convey et al. 2002), or the
implications thereof for community structure and
function (Walther et al. 2002).
Here we investigate the species- and community-
level responses of the microarthropods inhabiting
Azorella selago Hook. (Apiaceae) plants on sub-
Antarctic Marion Island to experimental reduction
in precipitation and increase in temperature and
shading. This system and the specific manipulations
were selected for several reasons, among which the
following are most significant. First, on sub-Antarctic
Marion Island, there is a pronounced trend of both
warming and drying associated with global climate
change. Over the past 50 years mean annual tem-
perature has risen by more than 1.2°C, and mean
annual precipitation has declined on average by
25 mm annually (Smith 2002). Second, A. selago is
considered a keystone species both at Marion Island
and at many other sites throughout the sub-Antarc-
tic (Hugo et al. 2004). The response of A. selago,
and its associated microarthropod fauna, to climate
change is predicted to have significant consequences
for sub-Antarctic terrestrial biodiversity (Hugo et al.
2004), not only because of direct effects of warming
and drying, but also as a consequence of their indi-
rect effects (le Roux et al. 2005). For example, at
low altitudes, slow-growing A. selago with its low
stature is predicted to experience increased shading
by faster-growing vascular plant species that are
more responsive to increasing temperatures (for sim-
ilar examples see Callaghan et al. 1992; Jonasson
et al. 1999; Van Wijk et al. 2003). Third, current
predictions for microarthropod responses to climate
change in Antarctica are varied. While some studies
suggest springtails will respond positively to climate
warming and increased precipitation (Kennedy
1994, 1995; Hodkinson et al. 1996; Block & Convey
2001), others show a decline in abundance under
increased temperature and UV conditions (Convey
et al. 2002), or no response to temperature elevation
(Sinclair 2002). Likewise, although soft-bodied
springtails are often thought to be more sensitive
indicators of water stress and temperature than cer-
tain hard-bodied mite taxa, results are contradictory
(Coulson et al. 1996; Convey et al. 2003). Therefore,
there is much merit to understanding the likely
differences  among  species  in  their  responses  to
such effects under field conditions (Callaghan et al.
1992).
We manipulated microclimate in line with observed
climatic changes at Marion Island to examine the
response of the microarthropods that inhabit A. selago
to experimental drying, warming and shading. Specif-
ically, we examine the degree to which interspecific
generalizations  can  be  made  regarding  the  response
of this microarthopod community to the changes
induced.
METHODS
Study area, host plant and experimental site
Marion Island is characterized by low but stable tem-
peratures (mean annual temperature 6.2°C, mean
diurnal range 1.9°C), high relative humidity (on aver-
age 83%), high rainfall (approximately 2000 mm per
year), and strong winds (exceeding gale force on more
than 100 days per year, Smith 2002). It has tundra-
like vegetation that can be readily classified into six
main communities (Smith et al. 2001).
Azorella selago plants have a central taproot, from
which stems arise radially and branch dichotomously
(Frenot et al. 1993). Because both the leaves and
stems grow closely against each other, plants have a
hard and compact surface. The species has an approx-
imately 8-month growing season on Marion Island
(Huntley 1972). In autumn, growth ceases (mid-
April) and by the onset of winter (mid-June) all of a
plant’s leaves have turned brown (autumnal senes-
cence, Huntley 1972). Old leaves are retained, form-
ing a moist, humus-like collection of organic matter
underneath the plant’s compact surface. The plant as
a whole plays host to a diverse array of arthropods and
epiphytic plants (Barendse et al. 2002; Hugo et al.
2004; le Roux & McGeoch 2004).
The field experiment was conducted over an area
of  approximately  100 × 150 m  on  Skua  Ridge  on
the eastern side of Marion Island (46°52′02′′S
37°50′17′′E, 106 m a.s.l.). The top of the ridge con-
sists of a broad, relatively flat expanse of mesic
fellfield, with a poorly developed, shallow soil layer
overlying basalt (Smith et al. 2001), and is domi-
nated by A. selago. In addition to the site being bio-
logically suitable, it was selected for logistic and
conservation reasons; it lies within daily walking dis-
tance of the scientific station and within a small
management zone in which environmental manipula-
tion is permitted (the island is a Special Nature
Reserve). The site was nonetheless undisturbed prior
to the study.
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Experimental design and treatment evaluation
Azorella selago plants for the experiment were selected
from the median size category of plants on Skua Ridge
(0.3–0.7 m maximum diameter, determined from a
pilot study of the area). Selected plants were a mini-
mum of 5 m from each other, not sheltered by rocks
or other plants, showed no signs of damage or senes-
cence, and supported low to moderate epiphyte loads.
There were no a priori differences in plant size, nearest
neighbour characteristics, soil depth or epiphyte loads
between treatment plants (le Roux et al. 2005).
There were four treatment categories and plants
were assigned randomly to treatment groups, that is,
dry-warm (n = 16), procedural control (PC) (n = 11),
shade (n = 14) and control (n = 16) groups (replicates
per treatment are uneven as some were destroyed by
strong winds during the experiment). Dry-warm and
PC plants were covered by clear polycarbonate sheets
(Lexan Thermoclear LTC 6/2RS/1300, 1.4 × 1.9 m
with sealed edges). The polycarbonate transmitted
>80% of wavelengths >380 nm, and <10% of ultra-
violet wavelengths (<375 nm) (validated by Depart-
ment of Physics, University of Stellenbosch). These
cloches (rainout shelters, dry-warm treatment) were
secured and supported on each corner, open-sided,
positioned a minimum of 0.1 m above the experimen-
tal plant, and slightly angled so that surface runoff was
displaced down slope and away from other experimen-
tal plants. Cloches (dry-warm treatment) were
designed to shelter plants from direct precipitation,
and not to eliminate all water sources. Thus, dry-warm
treatment plants received 2034 mm less direct precip-
itation than other treatment plants over the period
May 2002–April 2003, although these plants did
receive water from lateral soil water movement, sur-
face flow and condensation (full details of treatment
effects provided in le Roux et al. (2005)). Although the
treatment effect did not mimic the climate change
drying process exactly, it did achieve the desired gen-
eral drying of the plant environment. The effect of
each treatment on temperature was quantified using
iButton dataloggers (Thermocron DS1921G, Dallas
Semi-Conductors, 0.5°C resolution). These were
placed 15 mm below the dorsal plant surface of eight
plants in each treatment for a period of several days in
each season (February, April, August and December)
with readings taken at hourly intervals. The effect of
the dry-warm treatment on temperature was an aver-
age warming relative to control plants over the year
(mean ± SE = 0.25 ± 0.01°C) (see le Roux et al.
2005).
The purpose of the PC was to provide a treatment
where plants were exposed to any shelter effects other
than rainfall reduction (reduction in light intensity,
slight changes in temperature, le Roux et al. 2005).
The PC cloches were perforated with three evenly
spaced  slits  (0.04 × 0.8 m)  running  perpendicular
to the slope of the cloche, and eight circular holes
(0.04 m diameter) between the slits. Plants were posi-
tioned under the centre of the cloche in all cloche
treatments, and in the PC perforations were distrib-
uted evenly over the cloche. All PC plants were thus
exposed to rainfall in a similar way. Therefore, while
the rainfall received by PC plants was not naturally
distributed, these plants were exposed to more pre-
cipitation than dry-warm treatment plants. Mean
temperature increased under the PC (0.08 ± 0.01°C).
Cloches also slightly reduced the range of tempera-
tures experienced by plants (mean daily temperature
range narrower by 0.66 ± 0.06°C in the PC and
0.77 ± 0.05°C in the dry-warm treatments, relative to
the control). Temperature enhancement was greatest
during the coolest periods (le Roux et al. 2005). Dry-
warm treatment plants were thus warmer and drier
than control plants, whereas the condition of PC
plants were intermediate between dry-warm and con-
trol treatment plants.
Cloches were designed to minimize other potential
unwanted environmental changes that are often
imposed by climate manipulation treatments
(Kennedy 1995; Fay et al. 2000). Sides of the cloches
were open and sufficient space was maintained
between the dorsal plant surface and the polycarbon-
ate sheet to minimize changes in wind, CO2 and
humidity conditions. The low altitude of the experi-
mental site minimized the problem of snow cover, and
a shallow snow layer was present on the ground for
<15 days during the experiment. The low UV-B trans-
mission of the cloches was an unavoidable side-effect
of the dry-warm and PC treatments. However, the
effect of UV on microarthropods has been demon-
strated to be largely indirect via its effect on vegetation
characteristics, and the impact, if any, of a decline in
UV-A or UV-B is an increase in microarthropod abun-
dance (Convey et al. 2002).
The shade treatment was used to simulate the pos-
sible increase in shading of A. selago by epiphytes and
other vascular plants at low altitudes under projected
climate change conditions. Shade treatment plants
were entirely covered with green shade cloth (see, e.g.
Chapin & Shaver 1985; Cavender-Bares et al. 2000)
that reduced light transmission by approximately 80%,
approximating conditions where plants have heavy
epiphyte cover or are overgrown by other vascular
plant species (le Roux et al. 2005). The shade cloth
was secured around the base of the plant. In addition
to the change in light experienced by the plants under
shade cloth, temperature and wind exposure condi-
tions were also likely to have been affected. However,
these conditions were comparable to those experi-
enced by a plant shaded by other vegetation. Shading
did not alter plant or soil moisture, but did tend to
increase relative humidity (by 2.2–2.8%). The shaded
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plants experienced a reduced range of temperatures
relative to the control plants and an average reduction
(±SE) in temperature range over all sampling periods
of 1.48 ± 0.08°C (see Le Roux et al. 2005). Control
plants were unmanipulated.
On removal of the treatments in April 2003,
microarthropods were sampled from the centre of
each of the 57 experimental plants using an O’Connor
split corer (inside diameter of core = 70 mm,
height = 70 mm, surface area = 0.0039 m2). Typically
this meant similar exposure to slits and holes in the
PCs. However, some variability in the abundances of
species in the PC cores may have resulted from differ-
ences in the relative position of the cores relative to
the drip zones from the holes and slits. Although this
effect is unlikely to have made a large difference to our
results (and would be difficult to establish without a
similar-sized experiment examining this effect only,
which in turn would have been problematic to analyse
given the complexity of comparing variances – see
McArdle & Gaston 1995), it should be kept in mind
when considering the results reported here. Mites and
springtails were extracted from these cores (including
surface leaves and underlying decomposing plant
material) in a MacFadyen high-gradient extractor
using a protocol of 2 days at 25°C followed by 2 days
at 30°C (Barendse & Chown 2001; Hugo et al. 2004).
Microarthropods were counted and identified to the
lowest possible taxonomic level. No other inverte-
brates were retrieved from the samples. Because the
only method for extracting microarthropods from
these plants is destructive, it was only possible to con-
duct sampling at the end of the 12 month experiment.
While this experiment was designed to examine both
plant and microarthropod responses, the plant
responses are reported in detail elsewhere (le Roux
et al. 2005).
Analysis
Mite and springtail species were generally examined
separately because several studies have suggested that
they show different responses to warming and to dry-
ing (Kennedy 1994; Convey et al. 2002). Differences
in species richness, total abundance and individual
species abundances between treatments were analysed
using generalized linear models (GLMs) with a loga-
rithmic link function, assuming a Poisson error struc-
ture (McCullagh & Nelder 1989). Goodness of fit was
measured using the deviance statistic and parameter
significance was corrected for overdispersion in the
residual deviance (Dobson 2002).
The biomass of mites and springtails was estimated
using information on invertebrate body masses on
Marion Island provided in Mercer et al. (2001) (no
other invertebrates larger than the mites and spring-
tails are present in anything other than very low
abundances in these plants, or are sampled with the
use  of  the  split-corer).  Change  in  biomass  is  often
a more informative predictor of the functional
consequences of change in a system than abundance
(Naeem 2002). Where mean body mass estimates
were not available (five mite species), we measured
the lengths of 10 individuals of each species as out-
lined in Mercer et al. (2001), and used the family-
level regression equations these authors provide to
estimate body mass. The species body mass estimate
was then multiplied with its abundance to obtain an
estimate of biomass. Biomass was not estimated for
the least abundant eight mite and one springtail spe-
cies, together constituting <0.6% of all individuals.
This was considered to have a negligible effect on
biomass comparisons between treatments. Although
this approach to biomass estimation ignores within-
species body mass variation (if this is not normally
distributed), as well as possible between-treatment
body mass variation (see, e.g. Convey et al. 2002), it
does provide an upper estimate of between-treatment
differences in biomass that is not possible to infer
from abundance. Differences in total mite and
springtail biomass, as well as total microarthropod
biomass, between treatments was again tested with
GLM, assuming normal errors for biomass and using
a logarithmic link function.
Mite and springtail community structure between
treatments was compared using ANOSIM based on
group averaging and Bray–Curtis similarity measures
(Clarke & Warwick 1994). Abundance data were
fourth root transformed prior to analysis to weight
common and rare species equally (Clarke & Warwick
1994). ANOSIM is a permutation procedure applied
to the rank similarities underlying sample ordina-
tions. The closer the global R-statistic lies to 1.0, the
more distinct the differences between communities
(Clarke & Warwick 1994). Redundancy Analysis was
used on log transformed species data (with post-
transformation of species scores and species cen-
tring) to examine and compare the relationship
between individual species and particular treatments
(Canoco 4.5, Ter Braak & Tmilauer 2002). This
choice was based on an examination of gradient
lengths following Detrended Correspondence Analy-
sis (Lept & Tmilauer 2003). The null hypothesis of
independence between corresponding rows of the
species data matrix and of the treatment matrix was
tested using Monte Carlo permutation tests (Lept &
Tmilauer 2003). The constrained RDA biplot ordi-
nations approximate the relationships between spe-
cies and treatments. The criterion for inclusion in
the ordination used was that only species that had at
least 10% of their variation explained by the 1st
ordination axis were included (Lept & Tmilauer
2003).
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RESULTS
A community of 22 mite (12 895 individuals) and nine
springtail species (7151 individuals) were found across
the treatments (Appendix I). All springtail species and
the 18 most abundant mite species were recorded in
all treatments. A single mite species, Eupodes minutus,
constituted 74% of all mite individuals. Springtail
abundance was more evenly distributed across species,
with the most abundant species, Cryptopygus caecus,
constituting approximately 20% of individuals
(Appendix I).
No significant differences in mite (d.f. = 3,
χ2 = 1.39, P = 0.71) or springtail (d.f. = 3, χ2 = 4.33,
P = 0.22) species richness were found between
treatments. However, differences were found in total
mite (d.f. = 3, χ2 = 17.43, P < 0.001) and springtail
(d.f. = 3, χ2 = 26.80, P < 0.001) abundances between
treatments, with significantly fewer mites under shade
conditions and fewer springtails under dry-warm
conditions (shown as densities in Fig. 1). Examining
the abundance of the community as a whole, that is,
including both mites and springtails, the treatments
had no effect (d.f. = 3, χ2 = 7.42, P = 0.059). Although
there was no difference in mite biomass (d.f. = 3,
χ2 = 4.71, P = 0.19), there was a difference in both
springtail (d.f. = 3, χ2 = 39.75, P < 0.001) and total
microarthropod (d.f. = 3, χ2 = 32.78, P < 0.001) bio-
mass between treatments (Fig. 1). These biomasses
were significantly lower under dry-warm (by 62–68%)
and shade (by 55–62%) conditions than under control
treatments, with the PC effect intermediate in most
cases (Fig. 1). The similarity between the springtail
and total biomass responses (as well as the lack of
significant mite biomass differences between treat-
ments) reflects the dominant contribution of the
springtails to biomass differences between treatments
(Fig. 1).
Ten mite and seven springtail species had total
abundances of greater than 100 across all sampled
plants, and these species were considered in individual
species analyses (abundances of the 14 rare species
ranged from 1 to 81 across all 57 experimental plants
and their density and occupancy was thus too low to
warrant treatment comparisons, see also Convey et al.
2002). Of these, five mite and five springtail species
responded significantly to the treatments (Table 1).
Most springtail species abundances were significantly
lower under dry-warm and shade conditions that in
the control, with intermediate abundances under the
PC (Fig. 2). However, Folsomotoma marionensis and
Sminthurinis tuberculatus abundances were higher
under the shade treatment. Mite species responses
were more variable, with only Rhodacaridae sp. abun-
dance higher in control plants than under the dry-
warm treatment (Fig. 2). By contrast, E. minutus sig-
nificantly preferred dry-warm conditions, two other
species were significantly more abundant under shade
conditions and the remaining species under the PC
(Fig. 2).
Significant differences were also found in mite and
springtail community structure between treatments,
although the dry-warm and PC springtail communi-
ties were marginally non-significant (Table 2). Redun-
Fig. 1. Mite and springtail density and springtail and total microarthropod biomass (per sample core) in each treatment
(mean ± s.e.). Note differences of scale on the ordinates. DW, dry-warm; PC, procedural control. Means with no letters in
common have significant differences between them at P < 0.05.
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dancy Analysis supported these differences (Monte
Carlo test results for all canonical axes: mites:
F = 3.145, P < 0.01, springtails: F = 8.15, P < 0.01).
The explanatory effect of the treatments was signifi-
cant for both mites (15.1% of the variability in mite
community structure explained, 1st axis F = 4.77,
P < 0.01) and springtails (31.6%, 1st axis F = 16.55,
P < 0.01). The ordinations show that mite and spring-
tail community structures associated with the PC were
intermediate to other treatments (Fig. 3). In the mite
community only the abundance of Dendrolaelaps sp.
was higher under control conditions, whereas Mac-
quarioppia striata responded positively to shade, and
Algophagus  sp.  1  and  Schwiebea  talpa  subantarctica
in response to dry-warm conditions (Fig. 3). The
remaining three species were among the most abun-
dant mite species and their positions on the ordination
are largely in accord with GLM results (Table 2). The
negative abundance response to dry-warm conditions
by all springtails in Figure 3 is conspicuous. By con-
trast, some springtail species abundances were higher
in either control (mostly Tullbergia bisetosa and Cryp-
topygus dubius) or shade (mostly Sminthurinus tubercu-
latus and Megalothorax sp.) treatments (Fig. 3).
There were substantial changes in species relative
abundances of springtails between control and treat-
ment plants, with a loss of dominance by Cryptopygus
antarcticus and a switch to communities dominated by
C. caecus in dry-warm and PC plants (Fig. 4). Shaded
communities were dominated by Megalothorax sp. and
F. marionensis (Fig. 4). Species gaining dominance
under manipulated microclimatic conditions were
therefore those with an intermediate ranking under
control conditions. By contrast, E. minutus remained
dominant in the mite community, and indeed
increased its dominance under dry-warm conditions
(Fig. 4). There was little change in the relative abun-
dance rankings of other mite species in the commu-
nity, although some increase in ranking of the
intermediate species was apparent under dry-warm
and shade conditions (for example, Tydeus and Cilli-
bidae spp.) (Fig. 4).
Table 1. Generalized linear model statistics (goodness of fit and Likelihood Type III Test) for the differences in mite and
springtail abundances between treatments
Scaled deviance d.f. χ2 (d.f. = 3) P
Acari
Rhodacaridae sp. 52.71 53 9.40 <0.05
Cillibidae sp. 46.84 53 19.44 <0.001
Nanorchestes sp. 50.57 53 3.82 0.28
Eupodes minutus 54.6 53 40.38 <0.001
Ereynetes macquariensis 55.59 53 4.06 0.25
Tydeus sp. 49.17 53 2.22 0.53
Macquarioppia striata 39.75 53 26.19 <0.001
Austroppia crozetensis 40.98 53 6.02 0.11
Halozetes fulvus 50.04 53 9.08 <0.05
Dometorina marionensis 50.81 53 2.06 0.55
Collembola
Tullbergia bisetosa 49.22 53 22.60 <0.001
Folsomotoma marionensis 48.37 53 12.87 <0.01
Cryptopygus dubius 55.56 53 51.94 <0.001
Cryptopygus antarcticus travei 46.39 53 76.47 <0.001
Cryptopygus caecus 40.24 53 3.81 0.28
Sminthurinus tuberculatus 31.65 53 10.73 <0.05
Megalothorax sp. 42.04 53 8.11 0.044†
†No longer significant after tablewise error rate correction at α = 0.05 (step-up false discovery rate, Garcia 2004).
Table 2. Differences in the structure of mite (top right triangular matrix, Global R = 0.212, P < 0.001) and springtail (lower
left matrix, Global R = 0.335, P < 0.001) communities between treatments. Analysis of Similarity R-values with probabilities
in brackets
Treatment Control Procedural control Dry Shade
Control × 0.22 (<0.01) 0.20 (0.001) 0.33 (0.001)
Procedural control 0.26 (<0.01) × 0.17 (<0.05) 0.11 (<0.05)
Dry 0.34 (0.001) 0.11 (0.054) × 0.27 (0.001)
Shade 0.63 (0.001) 0.20 (<0.01) 0.38 (0.001) ×
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DISCUSSION
The community of microarthropods sampled from the
experiment in this study was highly representative of
what is known of this community from previous stud-
ies. Indeed, the community examined here included
all the species previously recorded from A. selago
(Barendse et al. 2002; Hugo et al. 2004), with some
variation only in the rarest of the mite species. The
absolute and relative abundance rankings of species in
control plants were also similar to those recorded in
the equivalent month at other low to moderate altitude
sites on the island (see Barendse et al. 2002). The
responses shown by this community and the individ-
uals within it to experimentally induced drying, warm-
ing and shading are therefore likely to be generally
representative of the short-term responses of the
A. selago microarthropod community to observed
(warming and drying) and predicted (increased shad-
ing of A. selago) environmental change on the island.
The dry-warm and shade inducing treatments
imposed on the microarthropod community in
A. selago  on  Marion  Island  effected  significant  spe-
cies- and community-level responses after a single
year. Although the strongest community-level trends
Fig. 2. Abundances (mean ± SE) of springtail and mite
species that responded significantly to experimental treat-
ments, dry-warm (DW, n = 16), procedural control (PC,
n = 11), shade (n = 14) and control (n = 16). *Eupodes minu-
tus abundances shown as n × 0.1. Cant, Cryptopygus antarcti-
cus; Cdub, Cryptopygus dubius; Cill, Cillibidae sp.; Emin,
Eupodes minutus; Fmar, Folsomotoma marionensis; Hful,
Halozetes fulvus; Mstri, Macquarioppia striata; Rhod, Rhoda-
caridae sp.; Stub, Sminthurinus tuberculatus; Tbis, Tullbergia
bisetosa. Means with no letters in common have significant
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Fig. 3. Redundancy analysis distance (intersample scal-
ing) biplots of springtail (above, axes explain 23.4 + 6.9% of
variability in species data) and mite (below, axes explain
8.3 + 4.8%) communities showing treatment centroids (tri-
angles) and fitted species abundances (arrows). Centroids
represent the average of the sample scores belonging to that
treatment (dry-warm, shade, control, procedural control
(PC)). The distances between treatment centroids approxi-
mates the dissimilarity in their species composition. Species
arrows pointing in the direction of a particular treatment
centroid have the highest probability of belonging to that
treatment, with arrow length equal to the relative contribu-
tion of the species to the ordination subspace definition
(Lept & Tmilauer 2003). Alg1, Algophagus sp. 1; Cant, Cryp-
topygus antarcticus; Cdub, Cryptopygus dubius; Cill, Cillibidae
sp.; Dend, Dendrolaelaps sp.; Emin, Eupodes minutus; Fmar,
Folsomotoma marionensis; Ipal, Isotomurus cf. palustris; Mega,
Megalothorax sp.; Mstri, Macquarioppia striata; Rhod, Rho-
dacaridae sp.; Sgra, Sminthurinus granulosus; Stal, Schwiebea
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included a dramatic decline in abundance and biom-
ass of springtails under reduced precipitation and
warming, species responses were generally idiosyn-
cratic, both within and between mite and springtail
taxa. These included positive, negative as well as neu-
tral species responses to dry-warm and shade treat-
ment effects. The different abundance response by
mites and springtails to these treatments was due
mostly to the dominance of the mite community by
the small mite species, E. minutus. Thus, the generally
positive response to drying and warming by one dom-
inant species largely obscured the dramatic changes to
the community as a whole. This outcome emphasizes
the distinctive responses of each of the species to the
manipulations, and the importance of examining both
the species and community levels when investigating
the current and likely future impacts of changes in
climate (see also Weltzin et al. 2003).
The idiosyncratic species-level responses docu-
mented for this terrestrial microarthropod community
are in keeping with several recent findings for aquatic
animal communities (e.g. Aronson et al. 2004; Schiel
et al. 2004), and are similar to the changes docu-
mented in both plant and animal communities in
response to historical variation in the earth’s climate
(Coope 1995; Jablonski & Sepkoski 1996; Dynesius &
Jansson 2000). Our results therefore provide addi-
tional support for the dynamic rather than static model
for community responses to climate change (e.g.
Briones et al. 1997; Van Wijk et al. 2003), in a group
of organisms that has not been widely examined from
this perspective (but see Convey et al. (2002) for a
related example in Antarctica).
In this study, a general negative abundance response
of several springtail species to drying and warming was
evident, although there were differential responses at
the species level leading to changes in species relative
abundance and community structure. The negative
response to drying and warming is not seasonality
related, because the warmest, driest months on Mar-
ion Island are associated with peak microarthropod
abundances in A. selago plants (Barendse & Chown
2001). As might have been expected (see Hopkin
1997), the hemiedaphic springtail species (upper sur-
face dwelling, F. marionensis, C. dubius, C. antarcticus),
were more responsive than the euedaphic species (soil
dwelling, C. caecus, Megalothorax sp.), although
T. bisetosa is also considered euedaphic (Hopkin
1997). The microclimates of deeper soil and decom-
posing vegetation layers within A. selago plants are
buffered by comparison with those of the more super-
ficial leaf layers, and species dwelling further down
within these plants experience higher mean tempera-
tures and humidities, as well as lower rates of change
in these parameters (Nyakatya & McGeoch, unpubl.
2006). Nonetheless, the generally negative abundance
trend is in keeping with responses by Collembola to
desiccation stress and to soil moisture (Block et al.
1990; Hayward et al. 2001; Convey et al. 2003).
By contrast, the responses of individual mite species
to experimental drying, warming and shading were
widely divergent. Soft-bodied prostigmatid mites have
been considered more sensitive to desiccation stress
Fig. 4. Relative abundances of springtail (above) and mite
(below) species in control, dry-warm (DW), procedural con-
trol (PC) and shade treatments. *Note that all mite species
other than the dominant species (Eupodes minutus) are
expressed as a percentage of total individuals excluding
E. minutus (because of its overwhelming dominance), and
the seven least abundant species are not included. Aca3,
Acari sp. 3; Aca4, Acari sp. 4; Aust, Austroppia crozetensis;
Alg1, Algophagus sp. 1; Cant, Cryptopygus antarcticus; Ccae,
Cryptopygus caecus; Cdub, Cryptopygus dubius; Cill, Cillibidae
sp.; Dend, Dendrolaelaps sp.; Dmar, Dometorina marionensis;
Emac, Ereynetes macquariensis; Emin, Eupodes minutus; Fmar,
Folsomotoma marionensis; Hful, Halozetes fulvus; Ipal, Isotomu-
rus cf. palustris; Laus, Liochthonius australis; Mega, Megal-
othorax sp.; Mstri, Macquarioppia striata; Nano, Nanorchestes
sp.; Rhod, Rhodacaridae sp.; Sgra, Sminthurinus granulosus;
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than more heavily sclerotized cryptostigmatid and
mesostigmatid mites (Convey et al. 2003). However,
no such trend was apparent in our results, with signif-
icant and non-significant responses to drying and
warming across these taxa and the single positive
response to drying and warming was indeed by the
soft-bodied prostigmatid, E. minutus. This species is
widespread and dominant across all vegetated terres-
trial habitats except mires and mire-associated vegeta-
tion (Barendse et al. 2002). Combined with its positive
response to the dry-warm treatment, its eurytopy sug-
gests that it is likely to become more abundant should
the drying and warming trend on the island continue.
The only mite species to respond negatively to the dry-
warm treatment, the Rhodacaridae species, reaches its
highest abundance in manured, salt-spray vegetation
communities on Marion Island, although not in mires
(Barendse et al. 2002), and therefore apparently pre-
fers higher humidity, possibly non-water logged,
microclimates. Halozetes fulvus was the only mite spe-
cies to respond strongly and positively to PC condi-
tions. This species also reaches its highest abundances
in salt-spray and mire vegetation communities on
Marion Island (Barendse et al. 2002), and therefore
appears to prefer moist, and warm, microhabitats.
Indeed, physiological work on this species and on four
of the other ameronothrid mites found on Marion
Island (three in the genus Halozetes and one in the
genus Podacarus) indicates that these mites all perform
poorly under low temperature conditions (Marshall &
Chown 1995). The two mite species that responded
positively to shade conditions, Cillibidae sp. (possibly
an introduced species) and M. striata, reach their
highest abundances on the island in drainage line,
fernbrake and salt-spray vegetation communities,
respectively (Barendse et al. 2002), of which the
former two communities, and some associations of the
latter, can be considered highly shaded habitats. These
results demonstrate that among the five mite species
that were significantly affected by the experimental
treatments, the responses of each were virtually
unique. Once again, this confirms that it is not possi-
ble to make broad generalizations about any group of
organisms to climate change, based either on taxo-
nomic affinity or body type (soft or hard), at least not
at the kinds of scales investigated here.
Although similar experimental manipulations of soil
microarthropod communities have been conducted in
the Antarctic (e.g. Kennedy 1994; Convey et al.
2002), this is the first such experiment in the sub-
Antarctic and also on an entire and plant-associated,
rather than soil, community. Nonetheless, mites and
springtails constitute the dominant component of both
plant and soil arthropod communities across Antarc-
tica, and because there is overlap in community com-
position between soil and plant habitats, comparison
of the results of these studies is appropriate. The com-
munity examined here was more speciose than those
examined further south (31, vs. 14 and 8 species,
respectively,  in  Kennedy  (1994;  Signy  Island)
and Convey et al. (2002; Anvers Island)), although
these studies variously had C. antarcticus, E. minutus,
and E. macquariensis in common with ours. Kennedy
(1994) demonstrated an increase in total abundance
across the eight soil-inhabiting microarthropods
(including mites and springtails, but species not anal-
ysed separately) in response to cloche-induced annual
mean warming of 0.44–0.50°C. Control and treat-
ment communities were also significantly different,
although the dominance structure of the community
remained the same (Kennedy 1994). By contrast, in
this study, springtail abundance declined and the iden-
tities of dominant springtail species in the community
changed under combined warming and drying.
Convey et al.  (2002)  examined  the  response  of  the
soil microarthropod community to warming and water
amendment treatments on Anvers Island, Antarctica,
over four years. In this case, warming (of over 2°C)
resulted in a decline in springtail abundance, whereas
watering resulted in an increase in mite abundance.
Because of the differences in treatments applied, it is
not possible to make direct comparisons between
these studies. Nonetheless, across experimental cli-
mate change studies in the Antarctic, and now also the
sub-Antarctic, microarthropods have consistently
been shown to be highly responsive to environmental
change.
The abundance and geographical range of
C. antarcticus, one of the most widespread and abun-
dant springtails in Antarctica, has been predicted to
increase in the region under climate warming (Block
1984; Kennedy 1994; Block & Convey 2001). How-
ever, in another study this species responded nega-
tively to experimental warming and to exposure to
UV-A and UV-B, and did not respond to the addition
of water (Convey et al. 2002). In light of the outcome
of this study and of Convey et al. (2002) it seems likely
that any effects of global change on this important
species are likely to be negative, and dominated, at
least in the sub-Antarctic, by its negative response
(corresponding to an abundance decline of 80% in this
experiment) to drying and warming (see also Kennedy
1993).
The identification of the mechanism/s by which dif-
ferences in species abundances between treatments
arose was not possible and requires further testing
(although our results do suggest plausible hypotheses
– see above). Mechanisms may include the movement
of individuals away from unsuitable and towards more
suitable microclimatic conditions (Hayward et al.
2001; Hugo et al. 2004). Alternatively, as these species
likely have rapid life cycles with several generations per
year (Barendse & Chown 2001; Chown et al. 2002),
the mechanism may include mortality or reduced
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fecundity of individuals inside plants with less optimal
conditions (Hopkin 1997). Alternatively, the observed
effects might have been a direct response to unsuitable
microclimate, or an indirect response via the influence
of the treatment manipulations on the quantity or
quality of food resources. Plant responses to the dry-
warm treatment included increased stem mortality
and accelerated autumnal senescence, whereas shaded
stems were longer with larger leaves and lower tri-
chome densities than the control (le Roux et al. 2005).
Predation and competition seem unlikely given that
this community is apparently largely non-interactive,
with no evidence of competitive or predatory interac-
tions (Gabriel et al. 2001; Hugo et al. 2004). The spe-
cies are thought to be largely fungivores, detritivores
or microbivores (Hopkin 1997), and the effects of
changes in temperature, UV and moisture are known
to affect the availability and quality of soil microbiota
(Wynn-Williams 1996; Convey et al. 2002).
Regardless of the mechanisms involved, and
although longer-term effects of shading, warming and
reduced precipitation are unknown, if observed com-
munity-level trends were to continue (driven largely
by changes in the springtail community), longer-term
effects may include the loss of species from the com-
munity as abundances continue to decline (because
abundance and species richness are positively related
(Gaston & Blackburn 2000)). Whether or not these
species will be replaced with more desiccation resistant
and faster-reproducing invasive species, such as the
springtails Isotomurus palustris, Ceratophysella denticu-
lata and Pogonognathellus flavescens (see Gabriel et al.
2001) is difficult to determine, but seems likely given
their high abundances and general domination of
lowland habitats. Together with the idiosyncratic
responses of the indigenous species to change, this
suggests that under a continued climate of change at
Marion Island, both the structure and functioning of
A. selago communities are likely to change substan-
tially. However, what the actual changes and effects to
ecosystem functioning will be is difficult to determine
because the roles of the microarthropods in the com-
munity have to date not been studied (see, e.g. Smith
1977; Smith & Steenkamp 1992, 1993). Although the
mite and springtail species are trophically similar, sub-
tle functional role differences between them may exist
(for example between eudaphic and epidaphic spring-
tails), making it difficult to predict the longer-term
consequences for the system of a change in species
dominance or composition (Heinemeyer et al. 2004;
Hanley et al. 2004). Nonetheless, the loss of microar-
thropods from decomposer communities has been
shown to alter the composition of decomposer micro-
flora (Moore et al. 1988), to decrease enzyme activity,
decomposition, soil development and respiration pro-
cesses (Teuben & Verhoef 1992; Rusek 1998; Swift
et al. 1998), as well as plant available nitrogen (Taylor
et al. 2004), and to change the accuracy of ecosystem
process models (Groffman & Jones 2000). This is
likely also to be the case on Marion Island, and else-
where within the sub-Antarctic range of A. selago,
because nitrogen availability is low, nutrient turnover
and decomposition rates are slow, and microarthro-
pods constitute a disproportionately large component
of the decomposer community (Smith & French 1988;
Smith & Steenkamp 1990; Hopkin 1997; Robinson
et al. 2004).
In conclusion, albeit short-term, this study has
shown that changes in precipitation, temperature and
shading have dramatic effects on the microarthropod
community associated with the keystone plant species,
A. selago, that these effects are generally species-
specific and that predicting community-level responses
is therefore problematic. In addition, springtails were
more sensitive than mites to the induced changes, and
because springtails constitute the dominant compo-
nent of detritivore biomass in A. selago plants, ongoing
drying and warming are likely to have significant
implications for terrestrial ecosystem processes across
the sub-Antarctic region.
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APPENDIX I
Species recorded across all experimental treatments, with abbreviations used in the text, species mass estimates 








Acari sp. 3 (see Hugo et al. 2004) Aca3 0.12 (12)
Acari sp. 4 (see Hugo et al. 2004) Aca4 0.0041† 0.40 (24)
Suborder: Mesostigmata
Rhodacaridae sp. Rhod 0.1011 2.35 (46)
Dendrolaelaps sp. Dend 0.0123† 0.64 (31)
Cillibidae sp.‡ Cill 0.0215 1.53 (40)
Suborder: Prostigmata
Nanorchestes sp. Nano 0.0005 2.37 (49)
Eupodes minutus (Strandtmann) Emin 0.0013† 74.16 (57)
Eupodes sp. Eupo 0.10 (7)
Rhagidia sp. Rhag 0.018 0.01 (1)
Ereynetes macquariensis Fain Emac 0.0007 1.84 (55)
Tydeus sp. Tyde 0.0008† 1.90 (44)
Eryngiopus sp. Erey 0.03 (2)
Suborder: Cryptostigmata
Oribatidae sp1 Orib 0.08 (9)
Liochthonius australis Covarrubias Laus 0.0026† 0.22 (19)
Macquarioppia striata (Wallwork) Mstri 0.0416 0.85 26
Austroppia crozetensis (Richters) Acro 0.0055 10.59 (51)
Halozetes fulvus Engelbrecht Hful 0.0314 1.61 (50)
Dometorina marionensis van Pletzen and Kok Dmar 0.0109 0.93 (36)
Suborder: Astigmata
Schwiebea talpa subantarctica Fain Stal 0.10 (7)
Algophagus sp. 1 (see Hugo et al. 2004) Alg1 0.12 (13)
Algophagus sp. 2 (see Hugo et al. 2004) Alg2 0.03 (4)
Algophagus sp. 3 (see Hugo et al. 2004) Alg3 0.04 (4)
Collembola
Suborder: Arthropleona
Tullbergia bisetosa Börner Tbis 0.0882 13.93 (56)
Folsomotoma marionensis Déharveng§ Fmar 0.0128 17.02 (54)
Cryptopygus dubius Déharveng Cdub 0.0058 9.20 (46)
Cryptopygus antarcticus travei Déharveng Cant 0.0441 17.48 (43)
Cryptopygus caecus Wahlgren Ccae 0.005 20.93 (54)
Isotomurus cf. palustris (Müller)‡ Ipal 0.0792 0.71 15
Suborder: Symphypleona
Megalothorax sp. Mega 0.0008 17.89 (54)
Sminthurinus tuberculatus Delamamare et al. Stub 0.0076 2.35 (23)
Sminthurinus granulosus Enderlein Sgra 0.0518 0.49 (18)
†Estimated from body length–mass regression equations in Mercer et al. (2001), whereas the remaining values were taken
directly from the mass estimates provided by these authors. ‡Introduced species (Chown et al. 2002). §Previously Isotoma
marionensis.
